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Filing for DivorceNeurotransmitter release can be evoked by action potentials or occur
spontaneously, but the relationship between those modes has been unclear.
The direct visualization of release events has now shown that individual
synapses display preferences for evoked versus spontaneous transmission
that are determined by the release machinery at active zones.Alexander M. Walter1,2,3,
Volker Haucke1,2,3,
and Stephan J. Sigrist1,2
For more than half a century,
neuroscientists have known that
neurotransmitter release at synapses
can occur either by evoked
transmission in response to action
potentials or by action-potential-
independent spontaneous vesicle
fusion [1]. While evoked release has
been well characterized, the
physiological significance and
molecular mechanism of spontaneous
transmission is still debated.
Spontaneous release has long been
regarded as a reflection of ‘leaky’
synapses, but recent data suggest that
it may serve alternative signaling roles,
for example in synapse maturation
and homeostatic plasticity [2]. In line
with serving differential functions,
spontaneous and evoked transmission
have been suggested to involve distinct
machineries [3,4] and originate from
separate vesicle pools [5,6], though all
these findings have been contested by
other studies [7–11].
One of the key problems has been
that exocytosis could only be studied
at the compound level, blind to
possible heterogeneity between
individual exocytic sites, so-called
active zones. In two recent studies
[12,13], technical advances have
enabled the measurement of individual
spontaneous or evoked exocytosis
events at single active zone resolution,
shedding light on the interdependence
of these processes. In this issue of
Current Biology, Peled et al. [12]
demonstrate that evoked and
spontaneous transmission rely at
least in part on divergent synapses
via mechanisms that involve the
exocytic machinery at active zones;
and Melom et al. [13] report that
such heterogeneity can be encodedeven at the level of individual active
zones.
The twogroups [12,13] independently
investigated neurotransmitter release
at neuromuscular junctions (NMJs) of
Drosophila larvae. Here, individual NMJ
terminals are organized as strings of
boutons, with each bouton containing
about 10–20 individual active zones
spaced by about half a micron in rather
regular arrays, allowing their optical
separation by confocal microscopy.
Transgenic postsynaptic expression of
sensitive Ca2+ sensors (GCaMPs) that
report glutamate release measured via
Ca2+ influx through activated glutamate
receptors enabled the authors to
monitor evoked and spontaneous
glutamate release with single quantum
resolution from several boutons
with many synapses and their
corresponding active zones
simultaneously.
By such quantal imaging, Peled
et al. [12] and Melom et al. [13]
independently discovered some
unexpected differences between
single active zones with respect
to neurotransmission. First, the
probabilities of individual active
zones engaging in exocytosis were
remarkably heterogeneous, both for
spontaneous and evoked release.
Furthermore, the vast majority of active
zones could function in both modes of
release, but strikingly many of them
displayed a preference for either
evoked or spontaneous fusion. Melom
et al. [13] further demonstrated that
active zones likely to engage in either
spontaneous or evoked release are not
randomly distributed, but spatially
clustered. Though the results reported
in the two papers are largely
complementary, a few points require
clarification. For example, Peled et al.
[12] report a negative correlation
between spontaneous and evoked
release probabilities at individualactive zones, a conclusion not
supported by the study of Melom
et al. [13]. The reason for this
discrepancy is unclear and will have to
await further studies.
What might be the molecular
mechanisms underlying the observed
synapse heterogeneity? Peled et al.
[12] provide a first glimpse into this by
showing that active zones differ in the
amount of the ELKS-family cytomatrix
protein Bruchpilot (BRP): BRP-rich
active zones are more likely to engage
in evoked exocytosis, while BRP-poor
active zones favor spontaneous
release. Further, various BRP mutants
lacking the ability to tether vesicles
to active zones display increased
spontaneous transmission (see also
[14] for a different view on this) but
reduced evoked release probability.
Conversely, restricting evoked release
to BRP-rich active zones in rab3
mutants enhanced the segregation
between synapses primarily involved in
evoked versus spontaneous release.
Interestingly, these results suggest that
components of the release apparatus
and the active-zone-associated protein
scaffolds function to regulate the
partitioning between evoked and
spontaneous neurotransmission.
However, further work clearly is
required to dissect the mechanisms
involved in detail.
A provocative point made by Melom
et al. [13] is that, although they found
that most active zones supported both
forms of release, some active zones
appeared to selectively participate in
spontaneous exocytosis [13]. This
proposal is based on the observation
that the fraction of ‘evoked only’ active
zones gradually disappeared with
longer acquisition times, whereas the
fraction of ‘spontaneous only’ active
zones appeared more stable. An
inherent problem with the analysis
conducted is that it seems difficult to
exclude that longer acquisition times or
increased release probability would not
have led to any evoked exocytosis.
Moreover, as all analyses were carried
out with larval preparations it remains
to be seen whether ‘spontaneous only’
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Figure 1. Hypothetical model of synaptic maturation.
Left panel: individual active zones first acquire the core fusion machinery, are active sponta-
neously, but incapable of evoked release. Middle panel: as active zones develop, more Ca2+
channels and cytomatrix components are recruited. Fusion partially falls under the control
of additional Ca2+-sensitive factors, which synchronize multiple SNAREs for evoked release
while inhibiting spontaneous fusion. Clamping factors are limited, which is why spontaneous
release is still common. Right panel: mature active zones are optimized for Ca2+-dependent
release, but some vesicles still escape spontaneously, due to imperfections in clamping. (Parts
of the figure are adapted from Walter et al. [20].)
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R193active zones exist in the adult animal or
rather represent immature synapses
that will eventually mature into active
zones able to support both types of
neurotransmission. Irrespective of
these potential caveats, the basic
observation that some active zones
preferentially support one or the other
form of exocytosis is unexpected and
likely will have important implications
for our understanding of synaptic
physiology.
Previousmodelsofneurotransmission
have assumed that spontaneous
release is an unavoidable feature of the
release apparatus and an inherent
consequence of the fact that the Ca2+
sensor for neurotransmission is
allosterically regulated [15]. In this case,
one would predict that spontaneous
and evoked release are positively
correlated, which was not the case
here. A more recent alternative
model claims that spontaneous
and evoked vesicles originate from
different pools within the same
synapse, but this scenario is somewhat
at odds with the observation that
subsets of individual synapses
preferentially support either evoked
or spontaneous exocytosis. A further
model proposes that spontaneous
and evoked transmission are controlled
by competing Ca2+ sensors whose
relative abundances, determine the
contribution of individual active zones
to either form of release [16]. However,
it is not so obvious why in this scenario
the vast majority of spontaneous
release events can fall under the control
of the same Ca2+ sensor as for evoked
release [7].One possible explanation that can
account for the new observations
and resolve some of the apparent
controversies is outlined in themodel in
Figure 1. One might hypothesize that
synapses undergo some form of
(possibly reversible) transition or
maturation. Melom et al. [13] report
that spontaneous release likely occurs
from all active zones, but suggest that
some active zones are incapable of
supporting evoked exocytosis,
implying that all synapses arise as
more or less ‘spontaneous’. As
spontaneous release is action-
potential-independent, it is
conceivable that active zones upon
maturation acquire additional
regulatory proteins that allow for a
tight control of the timing of fusion and,
thus, enable evoked transmission,
while suppressing spontaneous
exocytosis. Clamping premature fusion
might involve interference with the core
fusion machinery (SNARE-proteins) or
competition with fusion promoting
factors [16], and may be an
important prerequisite to speed
neurotransmission by stabilizing
readily-releasable vesicles long
enough to recruit multiple, partially
assembled SNARE complexes. Single
SNARE complexes have been shown to
be able to drive fusion in vitro [17], but
rapid fusion in living cells required at
least three [18]. One hypothesis is
therefore that spontaneous and
evoked release might differ in their
stoichiometric SNARE-dependence,
with regulatory factors promoting
rapid, multi-SNARE fusion. Presynaptic
active zone maturation may beaccompanied by corresponding
alterations in the composition or
organization of postsynaptic receptors
as suggested by the differential
sensitivity of miniature versus evoked
release to the use-dependent
glutamate receptor blocker
philanthotoxin-433 observed by Peled
et al. [12]. In fact, initial assembly and
maturation of individual synapses can
be imaged at developing NMJs of live
intact Drosophila larvae [19]. This
speculative model could explain why
the probabilities for spontaneous and
evoked release are inversely correlated
as observed by Peled et al. [12]. It
might also explain why spontaneous
release at some point falls under the
control of the sensor for evoked
release [7] and why this could be
considered an escape or leak
pathway [15]. Finally, it could further
explain why parts of the core fusion
machinery are conserved [8] andwhy in
some experiments spontaneous and
evoked release appear to originate
from distinct vesicle pools, while in
others they do not.
The implications of these findings
could be far-reaching: spatial
segregation of synchronous
information transfer by evoked
transmission from scattered,
asynchronous spontaneous release
may conceivably play important
physiological roles in synapse
maturation and the formation or plastic
rearrangement of neuronal networks,
i.e. during homeostatic plasticity.
Future studies will need to address
these questions in more detail.References
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Face-OffActin assembly proteins initiate the formation of diverse cytoskeletal structures
in a single cell. A new study shows that assembly factors compete for actin
monomers, leading to homeostasis between different actin networks.James B. Moseley
Competition fuels a dizzying array of
processes in biology and life. It can be
observed in organisms that battle for
an ecosystem’s meager food supply,
or when scientific researchers compete
to publish in the pages of their favorite
journal. Such battles for a limiting
resource define exploitation
competition, most commonly
considered at the level of ecological
communities. Do similar interactions
also apply at the level of a single cell,
where proteins might compete for a
limiting substrate? In principle, the size
and shape of subcellular structures
might be confined by competition for a
limiting factor, or alternatively by
physicomechanical restraints or other
mechanisms [1,2]. New research
published in this issue of Current
Biology by Burke et al. [3] reveals a
striking homeostasis between distinct
actin-based cytoskeletal networks
in fission yeast cells. At the heart of
this homeostatic relationship is
competition for a limiting supply of
actin, which forms these dynamic
structures. From this new work, actincytoskeletal networks join a growing
list of organelles that are constrained
by competition for a limited supply of
building blocks.
Virtually every eukaryotic cell type
contains multiple actin-based
cytoskeletal structures dedicated
to specific functions [4], but the
quantitative relationship between
these different structures has remained
largely unclear. Actin itself is a globular
monomeric protein, and these
individual subunits can self-assemble
into filamentous polymers. In cells,
formation of actin filaments requires
actin assembly factors, most notably
formin proteins and the multi-subunit
Arp2/3 complex. Formins and Arp2/3
complex are generally thought to
assemble distinct, non-overlapping
actin structures in cells. Such is the
case in fission yeast cells, where
Arp2/3 complex generates endocytic
actin patches, while formins (named
For3 and Cdc12 in this case) assemble
polarized actin cables and the
cytokinetic actin ring [5]. Both formins
and Arp2/3 utilize actin monomers to
form their respective structures, and
numerous studies have investigatedtheir regulated biochemical
mechanisms [6]; however, the
connection between these distinct
actin structures has remained unclear.
Burke et al. [3] demonstrate that
inhibition of one assembly factor leads
to enhanced activity by the other in
cells. These and other experiments
reveal that actin assembly factors
compete for a limiting pool of actin
monomers in cells, leading to a
homeostatic relationship between
distinct actin networks.
Burke et al. [3] employed a series
of simple yet innovative techniques
to identify and characterize this
competition between actin structures.
Cells treated with the Arp2/3 inhibitor
CK-666 rapidly lost actin patches,
consistent with the requirement for
Arp2/3 in generating these dynamic
structures [7,8]. Remarkably, loss of
actin patches led to the rapid assembly
of excess actin cables and rings. These
ectopic structures required formins for
their assembly and contained higher
concentrations of actin filaments than
endogenous formin-generated
structures. Thus, formation of actin
patches by Arp2/3 complex limits the
assembly and size of actin structures
by formin proteins.
As with any good competition, this
phenomenon is not a one-way
relationship. Previous work had shown
that actin cables and rings disappear
in the absence of formin proteins
[9–11]. Burke et al. [3] found that loss
of formin proteins also led to increased
